Earlier studies indicated that the gene of an ammonium-inducible glutamate dehydrogenase (GDH) was inducible throughout the cell cycle and was expressible shortly after replication early in the S-phase in synchronous Chlorella cells growing at a rate of 13% per h in the absence of inducer. In the present study, synchronous cells cultured at the same growth rate in the continuous presence of inducer accumulated this enzyme in a linear manner, with a positive rate change observed late instead of early in the S-phase. At a growth rate of 26% per h, the positive rate change appeared to be displaced to 1.5 h before the S-phase in the next cell cycle. With 2'-deoxyadenosine, an in vivo inhibitor of deoxyribonucleic acid (DNA) synthesis, the magnitude of the positive rate change was shown to be proportional to the relative increase in DNA in the previous cell cycle. Collectively, these data support the idea that expression of newly replicated genes of this enzyme can be delayed into the subsequent cell cycle in cells in the continuous presence of inducer. Studies with cycloheximide indicated that the inducible GDH and another GDH isozyme were stable in fully induced cells in the absence of protein synthesis. However, aLfter ammonium was removed from the culture medium, the activity of the inducible GDH decreased rapidly in vivo, with a half-time of 5 to 10 min at 38.5°C, whereas the rate of accumulation of the other GDH isozyme did not change. Addition of cycloheximide, at the time of inducer removal, prevented this loss in activity of the inducible GDH. The inability to rescue the activity of the inducible GDH, by readdition of ammonium during the deinduction period, indicates that this enzyme probably underwent irreversible inactivation and/or proteolytic degradation.
during the cell cycle. Moreover, when the maximal initial rate of induced enzyme accumulation, defined as enzyme potential (19, 30) , was measured for a short period after addition of inducer to previously uninduced cells harvested at frequent intervals during the cell cycle, the enzyme potential increased as a single step in proportion to the increase in level of deoxyribonucleic acid (DNA) (i.e., gene dosage) early in the S-phase. These data are consistent with the hypothesis that the structural gene of the enzyme is continuously available for transcription and that its gene can be transcribed shortly after replication in cells growing in the absence of inducer. This type of cell cycle expression of inducible genes gives the cell the competitive advantage of utilizing exogenous compounds encountered at any time during its cell cycle.
The purpose of the present study was to determine whether the regulatory strategy of inducible gene expression would change when synchronous Chlorella cells were cultured in the continuous presence of inducer for an entire cell cycle. This study revealed the existence of negative regulatory mechanism(s), which can lower the rate of induction of the NADPHspecific GDH and can delay expression of its newly replicated gene in cells cultured in the continuous presence of inducer. A regulatory system also was discovered which rapidly lowers the activity of the inducible GDH upon removal of inducer from the cells.
MATERIALS AND METHODS
Organism and growth conditions. A thermophilic green alga, Chlorella sorokiniana (38) , previously described as C. pyrenoidosa strain 7-11-05 (41, 42) in publications from this laboratory, was cultured at 38 .5°C in glass tubes or Plexiglas chambers (43, 45) in the constant-temperature, illuminated water bath described by Hare and Schmidt (13) . The cultures were bubbled with 4% CO2-air at a controlled flow rate.
When the organism was cultured in medium containing ammonium as the sole source of nitrogen, it had an increased growth rate and a shorter cell cycle than cells cultured in nitrate medium. These changes in growth parameters necessitated a modification in the cell synchronization procedure. The cultures were synchronized in 2.54-cm-diameter glass tubes by three alternating light-dark cycles of 7:5 h. The light intensity from each bank of fluorescent lamps was independently adjusted by use of wire window screens. A light intensity of 15,900 lx
(1,480 footcandles) at 12.5 cm from the center of one light bank and of 10,800 lx (1,000 footcandles) at the same position and distance from the opposite light bank was used during the 7-h light period. The light intensity was measured with a LI-COR model LI-185 photometer equipped with a model 210S photometric sensor (Lambda Instrument Corporation, Lincoln, Nebr.). As cell synchrony was improved by each light-dark cycle, the average cell size decreased, and the turbidity-to-cell number ratio increased. Therefore, since the growth and division number of Chlorella cells had been shown (24, 31) to be proportional to the effective light intensity per cell, it was essential to initiate cultures with a constant turbidity rather than at a constant cell number per milliliter. Initial culture turbidities were adjusted to an absorbance of 0.60 (approximately 65 x 106 cells per ml) at 550 nm (1.3-cm-diameter colorimeter tube, Bausch and Lomb model 340 spectrophotometer).
At the end ofthe third dark period, cell synchrony was improved by isopycnic selection of a uniform population of daughter cells in aqueous Ficoll by a modification of the equilibrium density centrifugation procedure of Hopkins et al. (15) . Because lightdark synchronized daughter cells have a lower density than those selected from continuously lighted cultures, the procedure was modified by lowering the Ficoll concentration from 26.8% (wt/wt) to 24.0% (wt/wt).
In cell cycle enzyme studies, the initial culture turbidities of daughter cell suspensions were adjusted to an absorbance of 1.65 (200 x 106 to 230 x 106 cells per ml). The turbidity of the cultures was held essentially constant in flat Plexiglas chambers by hourly dilutions with temperature-and C02-equilibrated medium as described by Schmidt (31) . The light intensity from each bank of lamps was 6,600 or 15,900 lx to give average growth rates of 13% or 26% per h, respectively, during cell cycle studies with ammonium medium in the Plexiglas chambers.
With the exception of the nitrogen source, the nitrate and ammonium media were identical to that used by Baker and Schmidt (3) . In the ammonium medium, 13.9 mM (NH4)2SO4 replaced nitrate as the sole source of nitrogen. The high phosphate-buffering capacity of this medium was required for maintenance of the culture pH near neutrality during synchronous growth. The initial pH values of the nitrate and ammonium media were 6.85 and 7.35, respectively.
The procedure used for synchronizing cells in nitrate medium was described previously by Talley et al. (43) .
Harvest and preparation of cells for analysis. In cell cycle studies, approximately 3 x 10' cells were harvested by centrifugation, washed one time in 20 ml of 0.01 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 8.25 at 5°C) and resuspended in 6 ml of 0.1 M Tris-hydrochloride buffer (pH 8.25 at 5°C). The cells were maintained at 5°C during the harvest and wash procedures and stored at -20°C in the 0.1 M Tris-hydrochloride buffer.
Complete cell breakage was obtained by two passages of samples through a mechanically driven French pressure cell (model 5-598A, American Instrument Co.) at 18,000 to 20,000 lb/in2. Homogenates were centrifuged at 39,000 x g for 25 min, and the resulting supernatant fractions were stored at -20°C until assay for NADH-and NADPH-specific GDH activity. The supernatant solutions were typically assayed within 1 or 2 days after preparation; however, these crude enzyme preparations could be VOL. 130, 1977 stored for several months at -20°C without appreciable loss in activity of either GDH isozyme. Since cells were harvested every 5 to 15 min during deinduction studies, the harvest procedure was modified from that described above for cell cycle studies. Approximately 2 x 109 cells were harvested ,in 10-ml portions, filtered onto 0.8-Eum membrane filters (47 mm; Millipore Corp.), and washed twice with 10 ml of ice-cold 0.01 M Tris-hydrochloride buffer (pH 8.25 at 50C); after the last buffer wash, the cells were quantitatively removed from the filters into 6 ml of ice-cold 0.1 M Tris-hydrochloride' buffer (pH 8.25 at 5°C) and then frozen and stored at -20°C. The entire harvest operation required approximately 5 to 6 min. The frozen cell suspensions were thawed, the cells were immediately ruptured in a French pressure cell, and the homogenates were centrifuged as described above. 38 .5°C used to assay for GDH activity, the pH of the Tris-hydrochloride buffer shifted from the reported pH of 8.25 to an actual pH of 7.8. To avoid confusion and to obtain higher enzymatic activity in the present studies, all Tris-hydrochloride buffers were adjusted to pH 8.25 at the temperature at which they were to be used as wash, storage, or assay buffers.
Moreover, when assayed at 38.50C and pH 8.25, the NADPH:NADH activity ratios of the NADH-specific and NADPH-specific GDH isozymes were 1:3.8 and 27:1, respectively, instead of 1:5 and 33:1 as reported earlier (43) . The two isozymes were separated by ammonium sulfate fractionation before measurement of their cross-specificity ratios at pH 8.25 and 38.5°C. In crude enzyme preparations containing both isozymes, the individual activities of each isozyme were calculated (43) with 95% ethanol at 0 to 30C for 10 min followed by four extractions with ethanol-ether (3:1) for 20 min at 450C. Complete solubilization of the DNA from the lipid-free residue was accomplished by extraction with 1 N NaOH for 4 h at 370C. The use of lipidfree residues was essential to obtain complete alkali extraction of DNA from ammonium-cultured cells harvested at different times during the cell cycle.
The alkali extracts were neutralized and the DNA was precipitated by addition of equal volumes of ice-cold 20% trichloroacetic acid in 1 N HCl (final trichloroacetic acid concentration, 10% wt/vol). After centrifugation and one wash with cold 10% (wt/vol) trichloroacetic acid, the precipitates were extracted with hot trichloroacetic acid (5% wt/vol) as described by Hopkins et al. (14) . Total DNA in the supernatant fraction was determined by the Burton (5) diphenylamine procedure.
Total cellular protein was determined by the method of Lowry et al. (21) on material obtained by extraction of approximately 7.2 x 108 cells or an equivalent mass with 1 ml of 1 N NaOH for 12 h at room temperature.
Since daughter cells have a tendency to remain together for a longer period oftime after cell division in ammonium, rather than in nitrate cultures, cell number was determined with a hemacytometer (American Optical) in ammonium cultures and with an electronic cell counter (43) in nitrate cultures. When an electronic cell counter was used to determine cell number in synchronous cultures in ammonium medium, the apparent time of the cell release period was increased by 60%, and the apparent fold increase in cell number was decreased by 12%.
Regression analysis of linear enzyme patterns. The slopes of the line segments defining the linear accumulation of enzyme over different time periods of the cell cycle were computed by use of a Wang 600 series programable calculator and a linear regression program. The best-fit line through the first three data points was extended point by point to generate a line with the maximum correlation coefficient. An identical analysis was performed retrogressively from the last three data points in the cell cycle to yield a second line segment. A third line (i.e., middle line segment) was generated through all points not previously included and was extended to yield the maximum correlation coefficient. The intercepts of these line segments yielded the timing of the rate changes in linear enzyme accumulation.
Reagents (43) , which indicated ing the S-phase of ammonium-cultured cells, it it the structural gene of the NADPH-specific was decided to culture the cells at a twofold-)H is inducible throughout the cell cycle Of greater growth rate at which the rate change in lorella and is transcribed shortly after repli-enzyme accumulation was predicted to be ;ion early in the S-phase, it was predicted eight-instead of fourfold. In nitrate medium, 1) that in cells cultured in the continuous the division number of Chlorella cells had been ,sence of inducer: (i) the level of the enzyme shown in earlier studies (24, 31) to be proporuld increase in a linear or step pattern de-tional to the growth rate of the cells and the iding on whether the enzyme was stable or effective light intensity per cell. At growth stable in vivo, respectively, and (ii) a rate rates of 13 and 26% per h in nitrate medium, nge in linear accumulation or step increase Chlorella cells divide into four and eight enzyme level would occur early in the S-daughter cells at the end of the cell cycle, rease. When preinduced synchronous cells spectively. In the present study, when prere cultured in ammonium medium at the induced cells were cultured at a growth rate ne growth rate (13% per h), as in nitrate of 26% per h in ammonium medium, the divi-,dium in the previous study (43) , the activity sion number of the cells and the magnitude of the inducible GDH increased in a linear pat-the change in rate of enzyme accumulation ren, with a positive rate change occurring late mained close to four instead of increasing to itead of early during the S-phase (Fig. 1) . eight (Fig. 2) . However, an even more striking ese results were consistent with the continu-observation was the apparent greater delay in 3 (Fig. 5) . Although in repeated experiments a proportional relationship was observed between the fold increase in DNA content and the magnitude of the second rate change in enzyme accumulation, a poor correlation between these parameters was always observed at the first rate change in both control and inhibited cultures, e.g., 3.6 versus 2.3 and 1.8 versus 3.4, respectively (Fig. 4) . The 2'-deoxyadenosine was anticipated either to inhibit or to have no effect on the rate of enzyme accumulation; thus, the enhanced rate of enzyme accumulation seen after the first rate change was unexpected. The in-.
hibitor had no effect on the rate of enzyme accumulation for the first 3 h after its addition. imber
In other experiments when added 1 to 1.5 h before the onset of DNA synthesis, 2'-deoxyadenosine was observed to inhibit DNA synthe- to its rate of absorption into the cells. The enhanced rate of enzyme accumulation actually began at the onset of the period of the normal S-phase. The inhibition of DNA synthesis at the ribonucleotide reductase level should conserve both energy and ribonucleotides which presumably could be diverted to supporting higher rates of enzyme synthesis in the 2'-deoxyadenosine culture relative to the control culture during the S-phase. Moreover, the cell cycle pattern of accumulation of a stable enzyme would be expected to be affected to a greater extent than that of total or bulk cellular protein which is composed of proteins with varying rates of synthesis and turnover and different types of cell cycle patterns.
The changes in the cell cycle pattern of the NADPH-specific GDH cannot be explained by intracellular accumulation of 2'-deoxyadenosine or its phosphorylated derivatives with resultant activation or inhibition of GDH activity per se. In crude cell homogenates, the activities of the NADPH-specific and NADH-specific isozymes were not affected by concentrations of 2'-deoxyadenosine as high as 10 mM. When the isozymes were separated by ammonium sulfate fractionation, neither 2'-dADP nor 2'-dATP had any detectable effect on the activities of these isozymes over the concentration range of 0.056 to 3.33 mM for each nucleotide. Serial dilution ofcrude enzyme preparations, in which the activities of the isozymes were measured in cell cycle studies, yielded proportional decreases in activity of each GDH isozyme. These results taken collectively are consistent with the inference that the 2'-deoxyadenosine directly or indirectly affects the in vivo rate of synthesis and/or turnover of the NADPH-specific GDH.
In vivo stability of NADPH-specific GDH. Kepes (17) . From the rate of deceleration in the accumulation of the stable 83-galactosidase in Escherichia coli after deinduction by addition of an anti-inducer, these workers were able to obtain a maximum half-life of the mRNA of this enzyme in vivo. However, when Chlorelkl cells were placed under deinducing conditions, by removal of ammonium from the culture medium, the activity of the NADPH-specific GDH decayed very rapidly instead of continuing to accumulate at a decelerating rate (Fig. 7A) . Within 60 min, the activity of this enzyme decreased to 10o of its original level.
Although the activity of the NADPH-specific GDH decreased rapidly after removal of inducer, the activity of the other isozyme continued to accumulate without apparent change in rate (Fig. 7B) . Thus, the NADPH-specific GDH does not appear to be converted to the NADHspecific isozyme during the deinduction period.
In the first deinduction experiment, the purpose of the addition of nitrate was to attempt to prevent a severe nutritional step-down after the removal of ammonium from the culture medium. However, since the unanticipated loss in activity of the inducible GDH was so rapid, it is doubtful that derepressed synthesis Of the nitrate and nitrite reductases could have been fast enough to allow assimilation of nitrate early in the deinduction period. In earlier studies (18, 20, 26) with Chlorella, the kinetics of repression and derepression of these reductases revealed that they are repressed by ammonium rather than induced by nitrate. Two subsequent experiments supported the inference that the removal of ammonium rather than the addition of nitrate caused the loss in activity of the inducible GDH. First, the addition of nitrate to synchronous cells growing in ammonium medium had only a slight effect on the rate of accumulation ofthis enzyme (Fig. 8) . Second, the loss in enzyme activity occurred at the same rate (half-time 0t02] 10 min, calculated from log plots) in the presence of nitrate as in the absence of any exogenous source of nitrogen during the deinduction period.
To ascertain whether this loss in en'zyme activity might require the de novo synthesis of other enzymes possibly involved in either inactivation or degradation of the inducible GDH, cycloheximide (0.089 mM) was added to the cells at the time of inducer removal. Surprisingly, this inhibitor completely prevented the loss in activity of the inducible GDH (Fig. 8) . sAlthough cycloheximide has been observed (1, 9) to slow the turnover rate of certain proteins in higher eukaryotic cells, there are no reports of this inhibitor or of any other inhibitor of protein synthesis completely blocking the apparent turnover or inactivation of an enzyme or protein. The rapid kinetics and total inhibition of the deinduction process by cycloheximide suggests that its primary effect is not the synthesis of enzymes involved in inactivation or degradation of the inducible GDH. In fact, a more reasonable explanation is that inhibition of protein synthesis by cycloheximide prevents the utilization of an endogenous stabilizer which protects the inducible GDH against the action of preexisting enzymes involved in inactivation or degradation. However, since cycloheximide has been reported to inhibit the activity of certain enzymes (16) , one should also consider the possibility that this inhibitor acts directly on the activity of preexisting enzymes that function in causing the loss in activity of the inducible GDH. It should be noted that the activity of the inducible GDH, in cell homogenates or in partially purified preparations (i.e., ammonium sulfate fractionated to remove NADH-specific GDH), was not inhibited by cycloheximide concentrations up to 11 mM.
By sampling every 5 min, after removal of ammonium from the culture medium, a lag The synchronized cells and preculture and other culture conditions were essentially the same as those described in the legend to Fig. 6 . At the time of harvest, the culture was divided into four aliquots and the cells in each were centrifuged and resuspended in equal volumes of medium containing ammonium (0), nitrate (a), nitrate plus 0.089 mM cycloheximide (A), or ammonium plus nitrate (A). Ammonium and nitrate were added in equimolar concentrations. The initial cell number per ml of culture was 172 x 10g. period was revealed to precede the period of apparent first-order decay in enzyme activity. The length of the lag period was temperature sensitive and was observed to be approximately 8, 28, and 60 min at 38.5, 31, and 22°C, respectively. At these same temperatures, the halftimes for decay in enzyme activity were calculated from log plots to be 6, 11, and 18 min, respectively. The lengthening of the lag period as the temperature is decreased is consistent with the inference that an endogenous stabilizer of the inducible GDH must be catabolized or utilized (e.g., for protein synthesis) before the enzyme can be inactivated or degraded.
The loss in NADPH-specific GDH activity observed during the deinduction period could be due to (i) reversible inactivation (e.g., reversible covalent modification [33, 35] ) of the enzyme or (ii) irreversible inactivation and/or proteolytic degradation of the enzyme. In an attempt to distinguish between the two types of possibilities, a rescue experiment with ammonium was performed. At approximately the midpoint of the deinduction period, ammonium was reintroduced to the culture in the absence or presence of cycloheximide (Fig. 9) . After readdition of ammonium in the presence or absence of cycloheximide, a continued loss in NADPH-specific GDH activity was observed for approximately 15 min. Thereafter, in the absence of cycloheximide, the enzyme activity increased at a rate only slightly higher than in the initial inductionperiod at the beginning of the cell cycle. When added with the ammonium, cycloheximide prevented the increase in enzyme activity. Since the entire experiment was performed in cells before their S-phase, gene dosage changes do not have to be considered in interpretation of these results. In this experiment, the kinetics of enzyme accumulation are consistent with the irreversible inactivation and/or degradation of the NADPH-specific GDH during the deinduction period with resultant de novo synthesis of the isozyme after readdition of ammonium. In a reversible inactivation process, the rate of reactivation of enzyme activity would be anticipated to be much faster than the rate of de novo synthesis of the enzyme. For example, Losada et al. (20) observed that the addition of ammonium to Chlorella cells in nitrate medium resulted in a very rapid in vivo inactivation (i.e., reversible modification) of nitrate reductase. This phenomenon was shown to be enzyme inactivation rather than repression of enzyme synthesis coupled with rapid enzyme degradation. Removal of ammonium from the culture medium resulted in the rapid in vivo reactivation of enzyme ac- Kinetics of reinduction of an ammoniuminducible NADPH-specific GDH in synchronous cells of Chlorella after a short period of deinduction by removal ofammonium from the culture medium. The synchronized cells and preculture and other culture conditions were essentially the same as those described in Fig. 6 . After 3 h ofsynchronous growth in ammonium medium (0), the culture was harvested by centrifugation and the cells were resuspended in the same volume of nitrate medium. After 12 min of deinduction under growth conditions, the culture was divided into two aliquots and centrifuged, and the cells were resuspended in equal volumes of ammonium medium (-) or ammonium plus 0.089 mM cycloheximide medium (A). The initial cell number and the activity of the NADPH-specific GDH per ml of culture were 176 x 106 cells and 209 U, respectively. tivity, with virtually the same kinetics as that seen for the loss in activity.
Because breakage of cells harvested during the deinduction period immediately stops further decay in activity of the inducible GDH, elucidation of the biochemical mechanism responsible for the very rapid in vivo loss in activity of this enzyme has been severely hampered. No decay in enzyme activity has been detected in either dilute or concentrated (i.e., cell:buffer volume, 1:1) cell homogenates. Moreover, the activity of the enzyme was stable at 38.5°C in dialyzed homogenates from cells harvested before, during, and after the deinduction period. In an attempt to reconstitute the in vivo decay process, a number of different compounds (e.g., glutamate, glutamine, a-ketoglutarate, NH4+, NADP+, NADPH, NAD+, NADH, ATP, etc.) related to GDH metabolism have been added individually or in combination to cell homogenates. In the absence of other substrates, only NADPH was found to labilize the activity of the enzyme in vitro; i.e., 0.125 mM caused a 50% loss in GDH activity per h. Talley et al. (43) showed that the rate of induction ofthe NADPH-specific GDH was proportional to the effective light intensity per cell. Therefore, the effect of light on the deinduction process was examined. A comparison of the rates of loss in enzyme activity in the light and dark showed the half-times to be the same (i.e., t,2-8 min, 38.5°C) under both conditions. Thus, in contrast to the induction in NADPHspecific GDH activity, the loss in its activity is not directly dependent upon light energy. Because Bassham and Jensen (4) showed that ATP levels only decrease momentarily and then increase to equal or higher levels in Chlorella cells transferred from light to darkness, it would be premature to conclude that the decay in activity of the inducible GDH is not an energy-dependent process. DISCUSSION Temporal differences were observed between the increase in the initial rate of induction (43) and the rate change in linear accumulation (Fig. 1) of the NADPH-specific GDH within the S-phase in synchronous cells cultured at a growth rate of 13% per h in the absence or continuous presence of inducer, respectively. These differences led us to tentatively conclude that either replication of the GDH gene was delayed or that some step after this event was delaying the expression of newly replicated genes from early to late S-phase in cells cultured in the continuous presence of inducer. However, when the growth rate of these latter cells was increased to 26% per h, the positive rate change appeared to be displaced into the subsequent cell cycle outside of any period of DNA accumulation (Fig. 2) . This observation was more consistent with the inference that expression of newly replicated genes rather than gene replication was being delayed. The proportional relationship between the magnitude of inhibition of DNA synthesis by 2'-deoxyadenosine and the inhibition of induced enzyme accumulation in the second but not in the first cell cycle was also consistent with this latter inference (Fig. 3) . However, until the cause of the enhanced rate of enzyme accumulation after the first rate change is ascertained, this inference should be considered tentative. Approximately 1.5 to 4 h into the induction period, a negative rate change in accumulation of the NADPH-specific GDH was observed in all experiments with previously uninduced cells (Fig. 6, 8, and 9 ). This negative rate change also was seen after ammonium was reintroduced into a deinduced culture (Fig. 9) . Because induction experiments of Talley et al. (43) were made for only 80 min after addition of inducer to previously uninduced cells, they did not observe this negative rate change. If the enzyme is stable in cells in the continuous presence of inducer, as indicated by the cycloheximide experiments (Fig. 6) , the negative rate change reflects a reduced rate of synthesis of the enzyme. The negative rate change probably signals the onset of a regulatory system which operates to prevent the overproduction of an inducible enzyme in cells growing in the continuous presence of inducer.
In our laboratory, the recent finding that the purified and dissociated inducible GDH migrates as a single protein band, with an apparent molecular weight of approximately 58,000, during sodium dodecyl sulfate-polyacrylamide gel electrophoresis (R. M. Gronostajski, unpublished data) and the observed immediate inhibition of accumulation of this enzyme by cycloheximide (Fig. 6 ) argue against the possibility that changes in timing of replication of an organelle gene (i.e., mitochondrial or chloroplastic) are directly responsible for the shift in timing of the rate changes in inducible enzyme accumulation in cells cultured in the continuous presence of inducer. There are currently no reports of organelle-gene mRNA's, coding for enzymes composed of a single type of subunit, which are translated on cycloheximide-sensitive 80S ribosomes. Moreover, in the cell cycle experiments with 2'-deoxyadenosine, the inhibitor was added early in the cell cycle (i.e., 3 h before the major S-phase) with the idea of inhibiting possible early replicating organelle genes. The absence of inhibition of enzyme accumulation at the first rate change makes it unlikely that the inducible GDH is coded by an organelle gene which replicates during at least the 3-h period before the major S-phase.
Based on the combined observations of (i) the apparent differences in the timing ofexpression of the gene of the inducible GDH in cells cultured in the absence or continuous presence of inducer, (ii) the negative rate change in induced accumulation of the enzyme in previously uninduced cells, and (iii) the sensitivity of the timing of gene expression to growth rate of cells in the continuous presence of inducer, we propose a tentative model to guide future experimentation. In the continuous presence of inducer, the cells are proposed to accumulate a repressing metabolite which then oscillates in concentration during the cell cycle. The metabolite is proposed to repress gene transcription or to inhibit some step beyond this process. The timing ofthe oscillations in concentration ofthe metabolite is proposed to be influenced by the growth rate of the cells. Oscillatory repression
